Background: Calotropis gigantea (CG) plant grows in Asia and tropical Africa. However, the precise mechanisms 22 of its anticancer effects have not yet been examined in human non-small cell lung cancer (NSCLC) cells, A549
Introduction

46
Lung cancer, also known as lung carcinoma, is one of the most common diseases in the world [1] . However, owing to very few therapies being available, diverse studies on lung cancer are needed. Lung cancer is classified 48 into non-small cell lung cancers (NSCLCs) and small cell lung cancers (SCLCs) [2, 3] . SCLC is a neuroendocrine 49 tumor type, and the size of cells in these cancers is smaller than those in NSCLC. In contrast, NSCLC includes 50 squamous cell carcinomas, large cell carcinomas, and adenocarcinomas. Among these NSCLCs, A549 lung cancer 51 cells (wild-type p53) [4] and p53 null NCI-H1299 lung cancer cells are human non-small cell lung carcinoma cell 52 lines.
53
Lung cancer is caused by uncontrolled cell growth in lung tissues because of defects in cancer suppressor genes
54
[5], which results in the failure of apoptotic signaling and thus cell proliferation. In other words, inducing 55 programmed cell death significantly reduces cancer cell numbers [6] . Apoptosis is a process of programmed cell 56 death that controls cell division. If cells are old, our body causes them to commit suicide by activating an 57 intracellular death process. Cells die by two apoptotic pathways: the intrinsic pathway and extrinsic pathway.
58
First, the intrinsic pathway of apoptosis starts when the mitochondria outer membrane becomes permeable in 59 response to intracellular stressors such as DNA damage, growth factor impairment, or oncogene activation.
60
Cytochrome c and pro-apoptosis proteins are released from permeable mitochondria in a Bax/Bak-dependent 61 manner [7] . These releases are regulated by Bcl-2 family members such as Bcl-2 and Bcl-xL and BH-3 family 62 members such as Bid. Bax and Bak are activated by members of the BH-3 family [8] and inhibited by members 63 of the Bcl-2 family. Through the association of these proteins, cytochrome c forms a complex, the apoptosome
64
[9], which is composed of cytochrome c and caspase-9. Caspase-9 is activated by the apoptosome, and cleaved 65 caspase-9 promotes activation of caspase-3 and inactivation of poly (ADP-ribose) polymerase (PARP), whose 66 function is DNA damage repair [10] . Through this mechanism, this pathway induces apoptosis of cells. Second, 67 two direct mechanisms of extrinsic pathway initiation have been described. One is the tumor necrosis factor 68 (TNF)-induced model, and the other is the Fas-FasL-mediated model. Ligand binding with the receptor recruits 69 adaptor proteins such as FADD and TRADD [11] and initiators such as pro-caspase-8 and pro-caspase-10. These -4-73 cleaved caspase-3 and inactivated PARP are triggered through both apoptotic pathways to dismantle the cells [12] .
74
Programmed cell death can be initiated by various types of stress-induced damage. Reaction oxygen species
75
(ROS) production [13] is a critical stressor that causes cell death, especially through the induction of apoptosis. The cell cycle distribution was analyzed by PI (propidium iodide) staining and flow cytometry. A549 (1.5 × 10 5 159 cells) and NCI-H1299 cells (2.0 × 10 5 cells) were seeded in 1.5 mL medium/well in 6-well plates for overnight 160 growth and treated with various concentrations of CG extract. After 48 h, cells were harvested with trypsin and 161 fixed with 80% ethanol for > 1 h. Next, the cells were washed twice with cold phosphate-buffered solution (PBS) 162 and centrifuged, and the supernatants were removed. The pellets were re-suspended and stained in PBS containing 163 50 μg/mL PI and 100 μg/mL RNase A for 20 min in the dark. DNA content was analyzed by flow cytometry using 
201
The treated cells were harvested with trypsin-EDTA and centrifuged at 500 × g for 3 min. The cell pellets were 202 suspended in 200 μL cytoplasmic extraction reagent I by vortexing. The suspensions were incubated on ice for 10 203 min, followed by the addition of 11 μL second cytoplasmic extraction reagent II. These reaction mixtures were 204 vortexed for 5 s, incubated in iced for 1 min, and centrifuged at 16,000 × g for 5 min. Then, the supernatant 205 fractions were transferred to pre-chilled tubes. The insoluble fractions were resuspended in 100 μL nuclear 206 extraction reagent by vortexing for 15 s. The reaction tubes were incubated on ice for 10 min and centrifuged for 207 10 min at 16,000 × g. The resulting supernatant constituting the nuclear extract was used for subsequent 208 experiments.
210
Analysis of mitochondrial membrane potential (MMP)
211
We evaluated MMP (Δψm) by JC-1 staining and flow cytometry. A549 (3.8 × 10 5 cells) and NCI-H1299 (4.3 × 212 10 5 cells) cells were seeded into 3 mL medium/60 mm culture dishes. The cells were treated with various 213 concentrations of CG. Cells were harvested with trypsin-EDTA and transferred into 1.5 mL tubes. JC-1 (5 μg/mL) 214 was added to the cells and mixed until it was completely dissolved, followed by incubation of cells in the dark for 
229
Tentative identification of phytochemicals in CG
230
UPLC-PDA-QTof-MS analyses were carried out using a C18 column with a linear gradient of acetonitrile/water 231 ( Fig. 1 ). All peaks were characterized using Mass. Table 1 shows the retention times, UV-Vis absorption maxima, 232 mass spectral data of molecular ions of these compounds in the CG extract, namely quercetin 3-rutinoside, 
247
The MTS assay showed that the cell viability rate declined in a dose-dependent manner by CG ( Fig. 2A and B ).
248
The viabilities of A549 and NCI-H1299 cells treated with the highest (up to 15 µg/ml) CG concentrations at 48 h 249 were both less than 50% that in DMSO (0.01%) treated control cells; the viabilities of A549 and NCI-H1299 cells 250 treated with CG decreased significantly after 48 h. Therefore, CG extract was found to exert cytotoxic effects on 251 lung cancer cells. Thus, our next study was focused on verifying the mechanism underlying NSCLC apoptosis -13-284 285
CG modulates cell cycle-related factors in A549 cells and controls cell cycle progression in A549 and NCI-
286
H1299 cells 287
Cell cycle disruption is a major cause of apoptosis in cancer calls [21] , and many factors such as p53, p27, p21, 288 and cyclins control cell cycle phases. p53 is known as a tumor suppressor gene [22] . When DNA has been 289 damaged, it is activated to induce apoptosis. In addition, phosphorylated p53, p27 and p21, downstream factors 290 of p53, regulate cyclin dependent kinase. The levels of p53 in A549 cells following treatment with 7.5 μg/mL and 291 15 μg/mL of CG extract were increased compared to that of the control, and 3.75 (μg/mL) concentrations and p27
292 was upregulated by CG as same as p53, but p21 was not (Fig. 4A ). This suggests that p53 and p27 were stimulated 293 by CG and induced the death of A549 cells by terminating the cell cycle. However, in NCI-H1299 p53-knockout 294 cells, the cell cycle regulatory factors p27 and p21 were not affected by CG treatment (Fig. 4B ). The cell cycle 295 analyses of CG treated A549 (Fig. 4C ) and NCI-H1299 cells (Fig. 4D) were performed by flow cytometry. Cells 296 in the sub-G1 phase showed fragmented DNA, which is a marker of apoptosis [23, 24] . In our study, the cell cycle 297 analysis showed that cells in the sub-G1 phase and S phase increased in a dose-dependent manner with CG 298 treatment for A549 cells (Fig. 4E ) and NCI-H1299 cells (Fig. 4F) , whereas cells in the G0/G1 and G2/M phases 299 decreased for both cell line. Furthermore, the cell cycle related factors cyclin D1 related to the sub-G1 phase and 300 cyclin A related to the S phase, were downregulated as expected, but cyclin E in A549 cells was not altered by 301 CG treatment (Fig. 4G) . However, the levels of cyclin D1, E, and A decreased with treatment of NCI-H1299 cells 302 (Fig. 4H) . These results indicated that CG extract had negative effects on the A549 and NCI-H1299 cell cycles, 303 reducing the restrictions against unlimited cell growth. tended to increase. The mRNA expression levels of death receptor 5 (DR5), FADD, FAS, and FASL were 320 increased in CG-treated A549 (Fig. 5A ) and NCI-H1299 cells (Fig. 5C ). Furthermore, the pro-forms of caspase-321 8 expression levels decreased in a CG dose-dependent manner, and cleaved forms appeared following treatment 322 with high concentrations of CG in A549 cells (Fig. 5B ) and NCI-H1299 cells (Fig. 5D ). These results 323 demonstrated that CG was effective in inducing cell death through the process of apoptosis in A549 and NCI-
324
H1299 lung cancer cells. -15-
337
Bid expression level was decreased, while Bax was enhanced in A549 cells following treatment with CG ( Fig.   338  6A) . Bcl-2, which is an inhibitory factor in the intrinsic pathway of apoptosis, also decreased, but the levels of 339 Bcl-xL were not altered. These levels were similar in NCI-H1299 and A549 cells (Fig. 6E) . Thus, Bax stimulated 340 by Bid and Bcl-2 controlled MMP. The fluorescence of cells stained with JC-1 change from orange to green when 341 apoptosis is in progress and MMP is decreasing. The orange fluorescence of A549 cells (Fig. 6B ) and NCI-H1299 342 cells (Fig. 6F ) exhibited a dose-dependent leftward shift following treatment with CG. Moreover, cytochrome c 343 from mitochondrial membranes appeared in the cytosol in CG-treated A549 cells (Fig. 6C) and NCI-H1299 cells 344 (Fig. 6G) as determined by western blot. Mitochondrion dysfunction is a very important signal in the intrinsic 345 pathway of apoptosis [27] , and mitochondria membrane collapse caused caspase-9 to be released. This study 346 confirmed that factors such as caspase-9 and caspase-3, which are controlled by members of the Bcl-2 family 347 (e.g., Bcl-2 and Bcl-xL) [29] decreased and were cleaved to induce apoptosis in a dose-dependent manner 348 following CG treatment of A549 cells (Fig. 6D ) and NCI-H1299 cells (Fig. 6H) as determined by western blot 349 assay. The cleaved forms of these proteins were found following treatment at the highest concentration of CG in 350 both cell lines. This suggests that these cleaved forms activated apoptosis. Finally, the key factor in programmed 351 cell death and DNA repair, PARP, was cleaved by CG in the two types of cells ( Fig. 6D and H) . These results
352
indicated CG-induced apoptosis following signaling in the intrinsic pathway. To determine how apoptosis occurs in p53-independent death of NCI-H1299 cells, we examined the generation 365 of ROS, which is a main cause of apoptosis [23, 30] . There are many studies on ROS related to apoptosis. ROS 366 levels can increase dramatically with environmental stress and result in significant damage called oxidative stress 367
[5]. Therefore, we investigated the effect of CG on ROS production in A549 and NCI-H1299 cells. First, we 368 examined ROS levels in A549 and NCI-H1299 cells treated with CG. After CG treatment for 48 h, these cells 369 were stained with 2′,7′-dichlorofluorescin diacetate (DCF-DA), and the amount of ROS produced was determined 370 by fluorescence microscopy. ROS accumulated dose dependently in A549 cells (Fig. 7A ) and NCI-H1299 cells 371 (Fig. 7C) following treatment with CG. Furthermore, ROS scavengers that had an anti-apoptotic role, superoxide 372 dismutase 2 (SOD2) and catalase, decreased in A549 cells ( Fig. 7B ) and NCI-H1299 cells (Fig. 7D ) in response 373 to CG, but levels of the other ROS scavenger, thioredoxin (TXN), were unaltered ( Fig. 7B and D) . This study 374 suggests that generated ROS might trigger or at least be implicated in CG-induced apoptosis. pre-treated with NAC, and cell viability was confirmed. Cell viabilities dramatically recovered to over 100% in 386 CG and NAC treatment groups, compared with the viabilities in the CG-treated groups of A549 cells (Fig. 8A) 387 and NCI-H1299 cells (Fig. 8B) . ROS generation levels also decreased with CG and NAC treatment of A549 (Fig.   388  8C) and NCI-H1299 cells (Fig. 8D ), compared to the levels in CG-treated cells. Collectively, these results cells' morphology of the A549 cells and NCI-H1299 cells changed to more round shape and less cell-cell 408 interaction than untreated cells as previous reported [36] , but also the nuclear of both cells were fragmented and 409 shrunk with CG treatment. Also, the late apoptosis was increased in a dose dependent CG treated A549 cells and 410 NCI-H1299 cells. It meant that the cytotoxicity of these cells was because of apoptotic effects of CG extract.
411
p53 is well known as a tumor suppressor protein [22] and it stimulates the downstream factor, p27 [37] . p27 has 412 ability to control the cell cycle which regulates cyclin D, the growth stimulation protein of the cyclin family [38] .
413
Cyclin family such as cyclin D1, E, and A is involved in each specific phases of the cell cycle. During the cell 414 cycle, hypodiploid fragmented DNA [21], one of apoptotic marker, is existed in Sub-G1 phage. In this study, p53 415 null NCI-H1299 cells were also used. As shown in Fig. 2B , the cytotoxicity of CG in NCI-H1299 cells was 416 presented and it meant that CG extract induced cell death independent of p53 in NCI-H1299 cells. However, we -18-417 confirmed that the expression levels of p53 and phospho-p53 (pp53) were increased in A549 cells (wild type 418 p53+/+), treated with CG. As shown in Fig. 3E and 3F , the increasing rate of late apoptosis in NCI-H1299 cells 419 was less than in A549 cells. These results demonstrated that p53 was strongly related to apoptosis, so p53 420 stimulated by CG in A549 cells induced a crucial apoptosis in compared to NCI-H1299 cells. Hence, p53 was one 421 of essential factors to cause cytotoxic effect of CG in A549 cells. Also, p27 level was increase and controlled the 422 cell cycle in A549 cells. During the cell cycle of the A549 cells and NCI-H1299 cells treated with CG, sub-G1 423 phase and S phage were increased, and G0/G1 phase population was decreased [23, 39] 
429
Apoptosis is elimination of damaged cells through ordered cell death system [6, 23] . There are two main 430 pathways of apoptosis; extrinsic pathway and intrinsic pathway. We investigated that CG treatment increased the 431 ratio of the death receptors, death ligands, adaptors and DISC of extrinsic pathway in A549 cells and NCI-H1299 432 cells. Also, extrinsic pathway and intrinsic pathway were connected through increased Bcl-2 and Bax by CG.
433
Continuously, intrinsic programmed cell death by mitochondria outer membrane permeabilization (MOMP) [28] 434 was induced and cytochrome c was released from mitochondria into the cytoplasm. This stimulation occurs 435 downstream signaling cascade that cleaves other intrinsic caspases and PARP resulting in apoptosis [10, 23] by 436 CG in both cells. CG extract induced apoptosis by stimulating the receptors and ligands of extrinsic pathway in 437 A549 cells and NCI-H1299 cells. Additionally, the significant factors inducing the apoptotic intrinsic pathway in 438 CG-treated A549 cells and NCI-H1299 cells were detected. It meant that CG induced apoptosis was depend on 439 both pathways of intrinsic and extrinsic signaling in NSCLC.
440
There are numbers of evidences emphasizing the principal role of reactive oxidase species (ROS) production 441 which induce cell death in various cancer cell types [13, 23] . Recent studies show that anticancer agents mediate 442 their apoptotic effects through ROS and the ROS production is prevented by ROS scavenger blocking cell death
443
[31]. In agreement with these studies, we observed CG-enhanced ROS generation in A549 and NCI-H1299 lung 444 cancer cells in a dose dependent manner. Furthermore, the cell viabilities and ROS generation levels were -19-445 recovered with the ROS scavenger, N-acetylcysteine (NAC), in A549 cells and NCI-H1299 cells.
446
In conclusion, CG has a cytotoxic effect against non-small lung cancer cells and inhibits via not only p53 447 dependent pathway in A549 cells but also p53 independent pathway in NCI-H1299 cells. This signaling is related 448 with cell cycle through p27 in A549 cells. During cell cycle, the sub-G1 populations were increased with 449 downregulation of cyclin D1 and cyclin A is decreased in A549 cells and NCI-H1299 cells. Also, cyclin E 
